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INTRODUCTION
The subject of the limbic system is old anatomically, but very new from
the point of view of our knowledge of its function-indeed, so new that
many of the more important disclosures have been made within the last
two years. These recent advances have a direct bearing on many branches
of clinical medicine and are of immediate importance both to the general
physician and to the neurologist. The limbic system, or "visceral brain," as
it has recently been designated,' was first defined by Paul Broca in 1878,'
and I give his original definition:
Le nom de circonvolution limbique que j'ai adopte indique les rapports constants de
cette circonvolution avec le limbe de l'hemisphere; il n'implique aucune theorie; n'ex-
primant pas une forme determinee; il est applicable a tous les cerveaux des mammi-
feres, a ceux qui ont un vrai corps calleux comme a ceux dont le corps calleux est nul
ou rudimentaire (lyencephales d'Owen), 'a ceux qui ont un vrai lobe olfactif, comme 'a
ceux dont le lobe olfactif n'est qu'a l'etat de vestige. Enfin, il a l'advantage de permettre
de designer sans changement d'adjectif les parties qui se rattachent 'a la description de
cette circonvolution: le grand lobe limbique, la scissure limbique, F'arc limbique
superieur ou infe'rieur, etc.t
Broca was thus primarily concerned with the gross morphological rela-
tions of the limbic lobe, and it remained for Ramon y Cajal to give the first
adequate analysis of the finer structure and connections of this phylo-
genetically ancient part of the forebrain. Cajal' was aware that all parts of
the limbic system were interconnected, the pyriform with the hippocampus
and the cingulate with the parasplenial and subcallosal gyri, and that the
limbic system as a whole projected to subcortical nuclei such as the amyg-
dala, anterior thalamic nuclei, hypothalamus, and basal ganglia. He was
not fully aware, however, of the major afferent connections of the limbic
* Based on a lecture read on September 10, 1953 at Lisbon during the Vth Inter-
national Neurological Congress. I am grateful to Drs. Delgado, MacLean, and Rosvold
for their critical scrutiny of the text.
t It is now recognized that certain adjacent structures such as the tip of the
temporal lobe and posterior orbital gyri belong functionally to the limbic system. J.F.F.
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system from spinal cord and midbrain. Indeed, the afferent supply of the
limbic system has been further clarified only within the last year.
The reason why the limbic system has now assumed such conspicuous
importance lies in the fact that it influences many phases of autonomic
function as well as patterns of emotional behavior. It perhaps also serves to
integrate the higher intellectual functions of the neocortex with the more
primitive visceral functions. Since 1950 these relations have been notably
clarified by Henri Gastaut9'
' ' ' of Marseilles, Jean Colle7 of Louvain,
Paul Dell"' of Paris, Birger Kaada- of Oslo, C. B. B. Downmai? of
London, V. E. Amassian2" of Seattle, and a group at Yale: Paul
MacLean,8`' Jose M. R. Delgado,9'10 Karl Pribram," and H. E.
Rosvold.`" As a result of their studies, the limbic lobe has emerged as a
distinct functional entity concerned primarily with the regulation of visceral
organs and elaboration of affective behavior, while the neocortex is recog-
nized as presiding in large measure over conscious sensory perception and
the more purely intellectual functions of the brain.17
AFFERENT CONNECTIONS OF THE LIMBIC SYSTEM
The classic spinothalamic system arising in the spinal cord and projecting
to the ventral nuclei of the thalamus, and thence passing in precise topo-
graphical fashion to the cerebral cortex, was long thought to be the chief,
if not the only, afferent supply of the forebrain. However, Kappers et al.
and others described spino-hypothalamic connections in fish and certain
other lower forms. They pointed out that this ascending system, completely
independent of the spinothalamic system, passed to the hypothalamus via
the mammillary peduncle. In 1935 Ibafiez' of the Cajal Institute found
ascending peduncle fibers from the ventral tegmental nucleus, and in 1936
Tello'1 demonstrated in the 14 mm. cat fetus the entire course of the mam-
millary peduncle from the ventral tegmental nucleus to the mammillary
body in a single sagittal section. In 1940 Bronk' and his associates found
electrical evidence of an ascending system from medulla to hypothalamus in
higher animals. Now, thanks to the investigations of Dell,' Downman,'
Amassian,
2 and Aidar et al.,' we know that two large extralemniscal sys-
tems of autonomic afferents ascend from the spinal cord through medulla
and midbrain to hypothalamic and adjacent nuclei, and that some of the
ascending medullary connections project directly to the limbic system of
the forebrain. One system of fibers is slow, and these appear to terminate
subcortically in hypothalamus and adjacent structures; some of the more
rapid fibers proceed directly to the posterior orbital gyrus.
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A few months ago French, Verzeano, and Magoun1' disclosed (through
the use of evoked electrical potentials) that a large portion of the extra-
lemniscal system terminates in the reticular formation and projects from
there to various parts of the forebrain, including the limbic cortex (Fig. 1).
U
THALAMIC
NUCLEI
-RETICULAR
ACTIVATING
SYSTEM
40 NSIC.
A to E
40 ff220.
SCI toA
SCI to B
- 20"eC. *_-
- SCI to C
SCI to D
- 20 URSC.
FIG. 1. Conduction time of evoked potentials to the brain stem and cortex. The left-
hand figure illustrates recording points of evoked potentials on stimulation of the
sciatic nerve. The photographs of the oscilloscope recordings on the right side show
relative latencies at the appropriate points lettered. The upper two records show
evoked potentials resulting from stimulation of the caudal reticular formation as
recorded in the medial thalamus and the frontal association cortex. (From French,
Verzeano, and Magoun, see Ref. 14.)
I give emphasis to this newly recognized system of afferent fibers because
the fibers are severed in the now classical lobotomy procedure of Moniz
and Lima, and I believe that this circumstance accounts for the dramatic
relief which a lobotomy may confer on a patient suffering from intractable
pain. When these fibers are severed, pain communications to the sensorium
from various visceral organs are interrupted, with the result that fewer
109
A toB 9 MSEC.
41 MSEC.
13 MSEC.
IT MSECW
8 MSEC
11 MSEC.
E 20 URIC.
SCI to B 19 MSEC. sa to D 10 MSECYALE JOURNAL OF BIOLOGY AND MEDICINE
pain impulses can impinge upon the sensorium in a given time. The patient
may still be conscious of pain because all pain fibers cannot be severed, but
pain ceases to disturb the patient because the number of intact pain fibers
has been curtailed. French et al. also point out that this extralemniscal sys-
tem is selectively blocked by anesthetic agents, as are cortical internuncials,
long before there is interruption of the spinothalamic system, and they
suggest that this may be responsi-
ble for the anesthetic state.
0/T < 0\ In this connection it is of great
interest that MacLean et al.8" have
obtained conspicuous electrical re-
sponses of the pyriform area to
noxious stimuli (pinching ear or
foot), indicating that pain stimuli
are, in fact, transmitted to the lim-
bic system. The reactions were in
every way similar to those evoked
by olfactory stimuli.
INTERCONNECTIONS WITHIN THE
LIMBIC SYSTEM
Because of the fact that many
interconnecting fibers within the
FIG. 2. Effects of local application of different parts of the limbic system
strychnine on orbital and subcallosal areas
(site of application indicated by black are unmyelinated, it has been diffi-
rectangle). A, medial orbital area; B, sub- cult to trace intralimbic projec-
callosal area: + = firing; 0 = no firing. tions anatomically; but the physio- These two areas have been identified as
FL cytoarchitecturally by von Bonin and logical method of strychnine neu-
Bailey. (From Pribram, Lennox, and ronography has, in the hands
Dunsmore, see Ref. 36.) of MacLean,
M
Pribram,
M
and
others, been highly successful in establishing functional interrelations. As
indicated in the diagram (Fig. 2), when a small rectangle of paper soaked
in strychnine is placed on the anterior cingulate, there is extensive "firing"
of the cingulate gyrus as well as a part of the extralimbic cortex extending
onto the lateral convexity. By such a technique it is possible to show regions
of interrelated cortex. In the frontotemporal region, for example, we find
that the posterior orbital, anterior insular, temporal polar, and pyriform
areas are all interconnected. Such regional relationships are shown graphi-
cally in the next composite illustration (Fig. 3). Already many of the con-
nections postulated by the strychnine method have been demonstrated ana-
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tomically by Glees et al.' and also Wall et al.' From these disclosures one
can only conclude that the various parts of the limbic system are in close
functional interrelation.
ELECTRICAL STIMULATION OF THE
LIMBIC SYSTEM
In 1938 Bailey and Bremer' found
that stimulation of the central end of
the vagus nerve caused marked elec-
trical changes in the posterior orbital
gyrus, suggesting that the vagus had
discrete cortical representation. Two
years later Bailey and Sweet' re-
ported that stimulation of the poste-
rior orbital gyrus gave rise to changes
in blood pressure and gastric motility
and that it also inhibited respiratory
movements, as W. G. Spencere had
disclosed in 1894. In 1949 Kaada'
and his associates observed similar
vascular and respiratory responses
from direct stimulation of the tem-
poral pole, the insula, orbital surface,
and cingulate gyrus, and they ascer-
tained, furthermore, that each of these
various structures giving like re-
sponses reacts best to the same type of
electrical stimulus, the optimal pa-
rameters being square-wave pulses of
10 msec. duration at 40/sec. at low
intensity, i.e., 3-8 volts. The con-
tinuous excitable region yielding
these responses is indicated in the
accompanying figure (Fig. 4).
Kaada7 has since elaborated upon
these studies in his thesis, extending
a young chimpanzee; and he has also
include all parts of the limbic system
FIG. 3. Schematic representation of
the lateral (top figure) and medio-
basal (bottom figure) surface of the
macaque's brain, showing regions of
the phylogenetically old and new cor-
tex, which on the basis of strychniniza-
tion studies are inferred to have a close
functional relationship. The "primitive"
cortex (visceral brain) completely en-
circles the hilus of the hemisphere.
Black rectangles within the variously
shaded regions indicate the portions of
the "primitive" and "new" cortex that
were strychninized and found to be
reciprocally related. The respective
shadings correspond to the extent of
cortex fired by the "primitive" cortex
within each region. Note the overlap
between regions. The extent of the fir-
ing into the outlying neopallium by the
designated neocortical areas is not
shown. (From MacLean, see Ref. 31.)
them to cats, dogs, monkeys, and
extended the regions stimulated to
and the closely related subcallosal,
orbito-insular, pyriform and temporal cortex, together with the hippocam-
pus, fornix, and amygdala. He concludes that all viscera having autonomic
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FIG. 4. Respiratory (upper record) and
blood pressure responses (lower record) re-
sulting from electrical stimulation of points
corresponding to designation on brain map.
Insula (A and B) visualized by separation of
temporal and frontoparietal operculum. Re-
sponsive regions indicated by dots. Respiratory
movements through tracheal cannula. Stroke
upwards indicates expiration. Parameters of
stimulation: Int. = 5.5 volts, F. = 39.5 per
sec., sigma = 10 msec. Time 5 sec. (From
Kaada, Pribram, and Epstein, see Ref. 28.)
innervation - i.e., heart and
blood vessels, gut, pupil, lachry-
mal gland, pilomotor system,
etc.-have representation in the
limbic system and related medial
structures, and that the limbic
system is to be looked upon as
the primary autonomic center
of the forebrain.
Effects of limbic stimulation
in conscious animals. Through
the use of implanted electrodes,
Gastaut, MacLean, Delgado,
and their various associates,
working at first (1950-51) quite
independently, find that stimula-
tion of the amygdala causes
striking behavioral changes in
dogs, cats, and monkeys. To
quote MacLean and Delgado':
From widespread and interspersed
points of cat and monkey in the
frontotemporal region one obtains
"eating" automatisms; vocal and
postural components of such states
as attack, defense, and escape; and
stances and movements associated
with pause, alerting, and searching.
Signs of autonomic activity, inde-
pendent of or related to the fore-
going behavior, also resulted from
stimulation of widespread points and
included lacrimation, salivation, pu-
pillary effects, piloerection, cardio-
respiratory changes, and, more rare-
ly, urination and defecation. On oc-
casion stimulation involving cortical
structures appeared to have the effect
of organizing stereotyped responses
ordinarily elicited from this region
into complex dynamic behavioral pat-
terns. Of particular interest was the
organized and directed angry defense
112
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or attack that sometimes followed stimulations involving the pyriform cortex or the
hippocampus near the amygdala.
Gastaut' has observed similar reactions in the cat.
In as yet unpublished experiments in monkeys, Delgado has shown that
stimulation of the ventromedial quadrant of the frontal lobes, the anterior
part of the cingulate gyrus, or the fornix, produces a similar picture-the
ferocious male macaque may become completely docile at the moment that
stimulation is applied but resumes ferocious behavior the moment that
stimulation is stopped. This is not an arrest reaction, because the animals
are able to move and to regain equilibrium if they are pushed; the effect
seems to be connected with a decrease of aggressiveness.
FUNCTIONAL INTERRELATIONS BETWEEN LIMBIC CORTEX AND NEOCORTEX
With trained baboons, monkeys, and chimpanzees it has become possible
through the use of specific tests (feasible for man as well as for animals)
to investigate the effect of specific ablations of neo- and limbic cortex on
learned skills and motor performance. Lesions restricted to the limbic
system generally cause little or no impairment of intellectual functions such
as visual discriminatory capacity, cutaneous or weight discrimination,
whereas a lesion of the occipital neocortex causes gross impairment of
visual discrimination, and parietal lobe ablation is followed by impairment
of weight discrimination and cutaneous perception capacities. Lesions
involving the frontal areas, such as those that occur in a radical lobotomy,
impinge both on the frontal limbic system and on the frontal neocortex.
Lesions of the frontal neocortex alone, when bilateral, impair intellectual
functions as tested by the delayed-reaction response. Lesions restricted to
the medial limbic structures, on the other hand, do not ordinarily affect
visual discrimination and other types of learning known to be integrated by
the neocortex; limbic lesions, in addition to affecting emotional behavior,
may, however, impair some learned skills such as those involved in
alternation testing.
Quite recently Delgado and Rosvolde0 have disclosed that in the monkey
the disturbances in simple alternation, activity, and eating behavior usually
attributed to the standard lobotomy may be obtained by electrical stimula-
tion or electrocoagulation of small discrete areas in the ventromedial
quadrant of the frontal lobe. This observation appears of very considerable
importance because there is an increasing body of evidence'
' ' indicating
that the beneficial effect of a frontal lobotomy in man can be obtained by
limited section of the medial ventral quadrant involving primarily the con-
nections of the limbic system and possibly also the head of the caudate
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nucleus. Through the use of multiple electrodes in which stimulation or
coagulation can be brought about at various levels within the frontal lobe
substance of monkeys, individual regions can be studied; the behavior
change just described is found only when medial ventral structures are
DELAYED ALTERNATION PERFORMANCE
THE EFFECT ON ALTERNATION PERFORMANCE OF STIMULATING ELECTRICALLY
THE PREFRONTAL LOBES OF MACACUS RHESUS
JVot - STI
M ULATION Of ANY POI NT OES NOT
AFFECT OiSCRIMINATION PERFORMANCE
FIG. 5. (From Delgado and Rosvold, unpublished, see Ref. 10.)
involved. The accompanying diagram (Fig. 5) indicates these relations,
and the following illustration shows the coagulated area that caused
abolition of alternation skill in a monkey.
Applications in human subjects. Delgado and his associates have now
been able to apply these disclosures to the human subject suffering from
intractable pain and they have found, as in the monkey, that coagulation of
a corresponding area of the medial ventral quadrant has caused dramatic
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relief-this in four cases (one of which has now been under observation for
eighteen months with only minimal recurrence of pain). It is too soon to
report on the other human cases, but initial results, as far as pain is con-
cerned, have been striking and, even more important, these patients have
shown none of the gross intellectual deficits which follow a radical lobotomy
-this for the obvious reason that the neocortex had not been encroached
upon in the coagulation procedure.
In patients suffering from severe pain a special pattern of electrical
activity has been found, consisting of slow waves of high voltage localized
in a small area of the frontal lobes. What is particularly interesting in this
finding is that in one patient, immediately after the coagulation of this
area, the slow waves disappeared and at the same time the pain was
relieved. Of course it is not possible to generalize on the observation in one
patient, but this offers an interesting possibility for future study.
In a patient with anxiety neurosis, startle behavior and searching, with
apparent increase in anxiety, have been repeatedly evoked by electrical
stimulation through electrodes implanted in the ventromedial quadrant of
the frontal lobes.
Hence one can explore a human being suffering from pain by means of an
electrode inserted through a small superior burr hole (guided by fluoro-
scope); when heightened electrical activity is encountered, the region can
immediately be coagulated, and the patient, being conscious, can inform the
surgeon when his pain has been relieved.
In summarizing our present concept of the interaction between limbic
system and neocortex in determining behavior, I can do no better than to
cite MacLean's colorful simile:
One might imagine that the neopallium and the limbic system function together and
proceed through the world like a man on a horse. Both horse and man are very much
alive to each other and to their environment, yet communication between them is
limited. Both derive information and act upon it in a different way. At times the horse
may shy or bolt for reasons at first inexplicable to his rider. But the sympathetic
horseman will try to find out and understand what it is that causes the panic so he can
avoid the disturbing situations in the future or reassure and train the beast to overcome
them. One may think of psychotherapy as serving in a similar capacity, helping the
intellectual faculties of the patient to ferret out the disturbing factors in his life situa-
tion so they can be dealt with and controlled in an intelligent fashion. In the case of
the psychosomatic patient one suspects this helps to prevent excessive "neighing"
along the streets [paths] of slow-moving traffic to the viscera.
COMMENT
Having long espoused the belief that experimental work on animals, and
especially that carried out on higher forms such as monkeys and chimpan-
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zees, is applicable in elucidating problems of function in man, it is particu-
larly gratifying to be able to speak on lobotomy at Lisbon; for here it was
that two courageous men, moved in some measure by the results of animal
experimentation, but also moved equally and perhaps more wisely by sig-
nificant clinical studies on the frontal lobes, put the matter to test by
introducing the leucotomy procedure. In 1935 at the Second International
Neurological Congress in London, Carlyle Jacobsen and I reported18'8 that
two rather emotional chimpanzees exhibited interesting behavioral changes
following bilateral frontal ablation; their manifestations of anxiety in test
situations and their emotional outbursts ("temper tantrums") in the face of
frustration largely disappeared following the bilateral operation. We were
not aware then of the distinction between the limbic system and the neo-
cortex, but histological study of the brains of these two animals (Becky
and Lucy) indicates that both neo- and limbic cortex had been ablated; in
retrospect it is also significant that the animals became rather "stupid" after
the procedure and showed recognizable but not gross impairment of various
forms of learned behavior.
Jacobsen and I had not suggested that our chimpanzee results might
point to a valuable therapeutic tool for dealing with mental disease. This
stemmed entirely from the creative genius of Egas Moniz, aided by the
talent and skill of his gifted colleague, Almeida Lima. For this and many
other reasons we now salute them "for their imagination, perseverance and
daring."
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